where J is a configuration-dependent N x N matrix that defines the free Hamiltonian, H = 2& (PJ (q) p), (2.2) and the N x (N-1) matrix B satisfies, For any choice of controls, the motions are confined to N the symplectic leaves p = E pi = corstant, in P.
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Much of this is by now standard and may be found [i6] [i8] [11] . For Poisson reduction, see [7] [5] . We Letting p = 0, anid i the fat metric on the shape spae, the necesary conditions for an optimal cotrol are that there eist a state-costate pair, (q(t), p(t)) ntisa$g 
